Context. It has been suggested that the compact open cluster VdBH 222 is a young massive distant object. Aims. We set out to characterise VdBH 222 using a comprehensive set of multi-wavelength observations. Methods. We obtained multi-band optical (U BVR) and near-infrared (JHK S ) photometry of the cluster field, as well as multi-object and long-slit optical spectroscopy for a large sample of stars in the field. We applied classical photometric analysis, as well as more sophisticated methods using the CHORIZOS code, to determine the reddening to the cluster. We then plotted dereddened HR diagrams and determined cluster parameters via isochrone fitting. Results. We have identified a large population of luminous supergiants confirmed as cluster members via radial velocity measurements. We find nine red supergiants (plus one other candidate) and two yellow supergiants. We also identify a large population of OB stars. Ten of them are bright enough to be blue supergiants. The cluster lies behind ≈ 7.5 mag of extinction for the preferred value of R V = 2.9. Isochrone fitting allows for a narrow range of ages between 12 and 16 Ma. The cluster radial velocity is compatible with distances of ∼ 6 and ∼ 10 kpc. The shorter distance is inconsistent with the age range and Galactic structure. The longer distance implies an age ≈ 12 Ma and a location not far from the position where some Galactic models place the far end of the Galactic Bar. Conclusions. VdBH 222 is a young massive cluster with a likely mass > 20 000 M ⊙ . Its population of massive evolved stars is comparable to that of large associations, such as Per OB1. Its location in the inner Galaxy, presumably close to the end of the Galactic bar, adds to the increasing evidence for vigorous star formation in the inner regions of the Milky Way.
Introduction
The open cluster VdBH 222 was found by van den Bergh & Hagen (1975) in a two-colour survey of a ∼ 12
• wide strip of the southern Milky Way extending from l ∼ 250
• to l ∼ 360 • . Piatti & Clariá (2002) present the results of CCD BVI Johnson-Cousins photometry in VdBH 222 and conclude that it appears to be a young open cluster formed by a vertical main sequence and a conspicuous group of luminous, typically red supergiant stars. They derived a colour excess of E(V − I) = 2.4 ± 0.2, a distance from the Sun of 6.0 ± 2.7 kpc, and an age of 60 ± 30 Ma. They comment that this cluster is among the most reddened and distant open clusters known in the direction towards the Galactic centre.
In the past few years, several clusters of red supergiants have been discovered in a small region of the Milky Way, close to the base of the Scutum-Crux Arm and the tip of the Long Bar, between l = 24
• and l = 29
• (Figer et al. 2006; Davies et al. 2007; Clark et al. 2009b; Negueruela et al. 2011; . These clusters are so ⋆ Partially based on observations collected at the European Organisation for Astronomical Research in the Southern Hemisphere, Chile (ESO 089.D-0332, ESO 081.D-0812) and the Australian Astronomical Observatory ⋆⋆ Tables 4, 5, 7 and 8 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/ heavily obscured that, until now, the only members observed are the RSGs. Population synthesis models suggest that the clusters must contain very large stellar populations to harbour so many RSGs (Davies et al. 2007 ). RSGC2 = Stephenson 2 (l = 26 • .2, b = −0 • .1) is a strong candidate to be the most massive young cluster in the Galaxy. It is located close to a region where a strong over-density of red supergiants has been found. Negueruela et al. (2012) studied its possible connection to this over-density. They conclude that RSGC2 is not an isolated cluster, but part of a huge structure most likely containing hundreds of red supergiants, with radial velocities compatible with the terminal velocity at this Galactic longitude and a distance ∼ 6 kpc.
Previously, Negueruela et al. (2011) had studied the spatial extent of another cluster of red supergiants, RSGC3 (l = 29 • .2, b = −0 • .2), finding that is part of an association that includes smaller clusters of red supergiants. This estimate was later confirmed by the discovery of another cluster of RSGs in its vicinity . The connection of the RSGC3 association to RSGC2 and the other RSG clusters is unclear. There have been suggestions that this Scutum complex represents a giant star formation region triggered by dynamical excitation by the Galactic bar, whose tip is believed to intersect the Scutum-Crux Arm close to this region (Davies et al. 2007; Garzón et al. 1997) .
If this scenario is correct, a similar structure would be expected close to the opposite end of the Galactic Long Bar.
A&A proofs: manuscript no. v222_v6_final_sin_tablas_astroph carried out an study of the distribution of red clump giants at longitudes between l = 340
• and l = 352
• with | b|< 2 • , using the VISTA Variable Survey (VVV) and 2MASS catalogues. They conclude that the observations show the presence of a clear over-density of stars with associated recent stellar formation, which they interpret as the tracers of the Long Bar. They derived an angle for it with the SunGalactic Centre line of 41
• ± 5
• , touching the disc near l = +27
• and l = 348
• . Some other studies also support placing the tip of the bar around 350
• (e.g. Babusiaux & Gilmore 2005) , although the model of Benjamin et al. (2005) assumes a longer and more inclined bar ending around 340
• . Davies et al. (2012) have recently studied a likely massive cluster (Mercer 81) located at the centre of a cavity in a large H ii-region in the direction of G338.4+0.1, finding the following parameters: a distance of 11 ± 2 kpc , a reddenning A V = 45 ± 15, and an age of 3.7 +0.4 −0.5 Ma. With these values, they suggest that it is perhaps placed in the same region of the Galaxy as the far end of the Galactic bar. More recently, Ramírez Alegría et al. (2014) have found a moderate mass (a few 10 3 M ⊙ ) for the very young open cluster VVV CL086 (l = 340 • .0, b = −0 • .3) located at a similar distance. These locations are roughly compatible with the far tip of the Galactic bar in the model of Benjamin et al. (2005) . In the model of , they would be placed in the Norma arm tangent.
In terms of structure of the central regions of the Galaxy, the line of sight towards VdBH 222 is particularly interesting (l = 349 • .13; b = −00 • .44), since it intersects the expected location of the far tip of the Galactic bar in the model of . Indeed, the range of ages and distances given by Piatti & Clariá (2002) allows for just such a placement. Moreover, since it appears to be a very distant object, but only suffers moderate reddening, it will permit the study of the run of extinction in this direction. Here, we investigate this possibility with new photometry and spectroscopy of the cluster. Our data show that VdBH 222 is younger and more distant than suggested by Piatti & Clariá (2002) and must be located at the far end of the Galactic bar. Its moderate extinction gives it a particular value, since (i) it allows for detection of the blue star population at optical wavelengths, permitting an accurate calibration of the stellar population models that have hereto been employed to determine the properties of the RSG-dominated clusters; and (ii) it provides an excellent laboratory for studying massive star evolution.
In this paper, we identify the evolved stellar population of VdBH 222 via spectroscopy and present photometry from the U to the K band that allows a much better characterisation of the cluster parameters. The paper is organised as follows. In Section 2, we describe the photometric and spectroscopic runs in which data were gathered for this work. In Section 3, we analyse the data set and the uncertainties derived from the high reddening, which are used to derive the most likely cluster parameters in Section 4.
Observations and data
In this paper we present a comprehensive set of observations of VdBH 222. The New Technology Telescope (NTT) at the La Silla Observatory (Chile) was used to obtain near-infrared (near-IR) photometry with the SOFI instrument. EFOSC2 on the same telescope was used to obtain optical photometry, intermediateresolution long-slit spectroscopy of the candidate RSGs and lowresolution multi-object mask spectra of fainter stars. Finally, the AAOmega fibre-fed multi-object spectrograph, mounted on the Anglo-Australian Telescope (AAT) at the Australian Astronomical Observatory (Siding Springs, Australia), was used to obtain moderately high-resolution spectra of the brightest members around the IR Ca ii triplet. The observations and reduction procedures are described in the following sections.
Optical photometry
We obtained U BVR photometry of VdBH 222 using the ESO Faint Object Spectrograph and Camera (EFOSC2) (Buzzoni et al. 1984) on the NTT on the night of 24 June 2012.
The instrument was equipped with CCD#40, which is a Loral/Lesser, thinned, AR-coated, UV-flooded, and MPP chip that is controlled by ESO-FIERA. It covers a field of view of 4 ′ .1×4 ′ .1 and has a pixel scale of 0 ′′ . 12. We obtained several series of different exposure times in each filter to achieve accurate photometry for a broad magnitude range. In the filters U and B we did not take short-time exposures, because we did not expect any cluster member to be saturated. The central position for the cluster and the exposure times are presented in Table 1 .
Three standard fields from the list of Landolt (1992) , PG 1633, SA 110A and SA 110B, were observed several times during the night to trace extinction and provide standard stars for the transformation. Their images were processed for bias and flat-fielding corrections with the standard procedures using the CCDPROC package in IRAF 1 . Aperture photometry using the PHOT package inside DAOPHOT (IRAF, DAOPHOT) was developed on these fields with the same aperture (30 pixels) for all filters.
The reduction of the images of VdBH 222 was done with IRAF routines for the bias and flat-field corrections. Photometry was obtained by point-spread function (PSF) fitting using the DAOPHOT package (Stetson 1987) provided by IRAF. The apertures used are close to the full width at half maximum (FWHM). In this case, we used a value of eight pixels for each image in all filters. To construct the PSF empirically, we automatically selected bright stars (typically 25 stars). After this, we reviewed the candidates and discarded those not fulfilling the requirements for a good PSF star. Once we had a list of PSF stars (≈ 20), we determined an initial PSF by fitting the best function of the five options offered by the PSF routine inside DAOPHOT. We allowed the PSF to be variable (of order 2) across the frame to take into account the systematic pattern of PSF variability with the position on the chip. We needed to perform an aper-ture correction of 22 pixels for each frame in all filters. Finally, we obtained the instrumental magnitudes for all stars. Using the standard stars, we carried out the atmospheric extinction correction and transformed the instrumental magnitudes to the standard system using the PHOTCAL package inside IRAF.
We have optical photometry for 1004 stars in the field. In the filter U we could not detect the same number of objects as in the other filters. Therefore, the number of stars having the colour (U − B) is only 295. In Table 7 , we list the identification number of each star, their RA and DEC coordinates in J2000, and the value of V, (B − V), (U − B), and (V − R) with the error and the number of measurements for each magnitude and colour. The number of measurements in (U − B) is always 1 and, therefore, not shown in the Table 7 . The error in each fitted value is computed by summing in quadrature the contribution to the total error made by each individual error in the observation file variables.
Near-IR photometry
Near-IR JHK images were obtained using the Son OF Isaac (SOFI) near-IR spectrograph and camera (Moorwood et al. 1998 ) on the NTT on 13 July 2008. SOFI was equipped with a Rockwell 1024×1024 HgCdTe Hawaii array, providing a pixel scale of 0 ′′ . 288 pixel and a field of view of 4 ′ .92 × 4 ′ .92 in its large field (LF) mode. The observations were carried out under photometric conditions. These near-IR observations consisted of series of several integrations repeated at dithered positions on the detector. In this case, we have five integrations of 3 s exposure time at seven positions on the CCD randomly determined by the img_obs_Jitter template. The total effective exposure, resulting from the co-addition of the 35 short jittered exposures, is 105 s in each filter.
The standard reduction of near-IR data includes the dark subtraction and flat-field correction of individual frames that are median combined to build a sky image. The sky image is subsequently subtracted from the individual frames that are then shifted and finally stacked into one single image. The reduction was performed using the SOFI pipeline sofi_img_jitter, which is part of the SOFI subsystem of the VLT data flow system (DFS). The sofi_img_jitter tool carries out the standard near-IR reduction, including additional steps for cross-talk effect correction and bad-pixel cleaning as described in the SOFI pipeline user manual (VLT-MAN- ESO-19500-4284) .
The procedure for obtaining the photometry from the reduced frames was the same as described in Section 2.1 for the optical images of VdBH 222. The next step is to transform these instrumental magnitudes to the 2MASS magnitude system (Skrutskie et al. 2006) . For this, we selected those stars in our field having JHK S magnitudes in the 2MASS catalogue with photometric errors smaller than 0.03 magnitudes in every filter (about 70 stars). A linear transformation was carried out between instrumental and 2MASS magnitudes. No colour term was needed, since a simple shift in zero point results in a good transformation. This was checked by plotting the transformed magnitudes against 2MASS magnitudes for all the stars with 2MASS magnitudes in the field, finding that the best fit corresponds to a straight line of slope 1 in all three filters.
We have near-IR photometry for 2180 stars. In Table 8 we list the number of each star, their RA and DEC coordinates in J2000, and the value of J, H and K S with the photometric error for each magnitude. There is only one measurement for each filter. Only 480 stars have optical photometry too, and their identification number in Table 7 is shown in the second column.
Astrometric referencing of our images was made using positions of 84 stars from the 2MASS catalogue. The PSFs of these stars are not corrupted by the CCD over-saturation effects. We used IRAF tasks ccmap/cctran for the astrometric transformation of the image. Formal rms uncertainties of the astrometric fit for our images are < 0 ′′ . 10 in both right ascension and declination.
Long-slit spectroscopy
Long-slit spectroscopy of ten candidates RSGs was obtained on 26 June 2012, using EFOSC2 in spectroscopic mode. We used grism #17, which covers the 6900-8765Å range with a nominal dispersion of 0.9Å/pixel. The resolution element is 6.5Å with the 1 ′′ . 0 slit (R ∼ 1200). Since the CCD#40 is thinned, it presents heavy fringing over most of this spectral range. To correct it, internal halogen flats were taken at the position of each exposure. This procedure reduces the fringing from as much as 10% to less than 2%. Data were reduced using the Starlink software packages CCDPACK (Draper et al. 2000) and FI-GARO (Shortridge et al. 1997) . We used standard procedures for bias subtraction and flat-fielding. Wavelength calibration was achieved by using HeAr arc lamp spectra, taken during the afternoon. Because of this, wavelength calibration is not accurate enough to measure radial velocities, even though the rms for the wavelength solution is lower than ≈ 0.5Å.
Mask spectroscopy
Observations were obtained on 25 June 2012 using EFOSC2 in the multi-object mode. Masks are inserted in the slit wheel with a number of slitlets punched at the position of the stars to be observed. We used the punch tool with punch #5, which creates slitlets of width 1 ′′ . 02 and length 8 ′′ . 6, to create two different masks containing 20 candidate blue stars selected from a combination of the photometry of Piatti & Clariá (2002) and 2MASS data. Each mask was observed with grisms #3 and #16. Grism #3 covers the nominal range 3050-6100Å with a nominal dispersion of 1.5Å/pixel and a resolution element of 11.6Å. Grism #17 covers the nominal range 6015-10320Å with a nominal dispersion of 2.12Å/pixel and a resolution element of 16Å. However, the actual spectral range observed depends very strongly on the position of the star in the CCD (the Y distance to the centre of the CCD). The dependence is so strong that two objects situated in the upper third of the image gave no usable spectrum with grism #16, because the dispersion range had been displaced into the IR. The reduction was carried out using standard IRAF procedures. Wavelength calibration was achieved by using HeAr arc lamp spectra, taken during the afternoon. Though internal flats were taken at each position for the grism #16 exposures, the fringing is only effectively removed for objects close to the centre (in X) of the CCD.
Fibre spectroscopy
A field centred on VdBH 222 was observed on the nights of 30 August 2010, and 20 July 2011, with the fibre-fed dual-beam AAOmega spectrograph on the 3.9 m Anglo-Australian Telescope (AAT) at the Australian Astronomical Observatory. The instrument was operated with the Two Degree Field ("2dF") multi-object system as front end. Light is collected through an A&A proofs: manuscript no. v222_v6_final_sin_tablas_astroph optical fibre with a projected diameter of 2 ′′ . 1 on the sky and fed into the two arms via a dichroic beam splitter with crossover at 5 700Å. Each arm of the AAOmega system is equipped with a 2k×4k E2V CCD detector (the red arm CCD is a low-fringing type) and an AAO2 CCD controller. Owing to the high reddening to the cluster and short exposure times, only the red arm registered usable spectra. The red arm was equipped with the 1700D grating, blazed at 10 000Å. This grating provides a resolving power R = 10 000 over slightly more than 400Å. The central wavelength was set at 8 600Å. The exact wavelength range observed for each spectrum depends on the position of the target in the 2dF field.
Data reduction was performed using the standard automatic reduction pipeline 2dfdr as provided by the AAT at the time. Wavelength calibration was achieved with the observation of arc lamp spectra immediately before each target field. The lamps provide a complex spectrum of He+CuAr+FeAr+ThAr+CuNe. The arc line lists were revised, and only those lines actually detected were given as input for 2dfdr. This resulted in very good wavelength solutions, with rms always < 0.1 pixels.
Sky subtraction was carried out by means of a mean sky spectrum, obtained by averaging the spectra of 30 fibres located at known blank location. The sky lines in each spectrum were evaluated and used to scale the mean sky spectrum before subtraction.
The 2010 observation was a short test run with fibres allocated only to a few bright stars in the cluster regions and some bright targets in its immediate surroundings. Unfortunately, VdBH 222 is too compact to allow observations of a significant number of cluster members in a single configuration. In the 2011 run, targets were selected with a set of criteria similar to those used in Negueruela et al. (2012) , which were designed to identify red luminous stars. Here we only report on the 11 objects observed in the area covered by our photometry, all of which turn out to be supergiants with similar radial velocities.
Results

Spectroscopy
To summarise, we obtained long-slit spectra with NTT/EFOSC2 of ten red supergiants. These spectra are not affected by fringing because of effective removal. For nine of these RSGs and two yellow supergiants, we also have AAOmega intermediateresolution spectra in the Ca ii triplet region that are useful for measuring radial velocities. For the two yellow supergiants and the brightest objects in the photometric sequence, we obtained NNT/EFOSC2 mask spectroscopy with two grisms. Beyond 7500Å, these spectra are affected by fringing. Since the mask observations cannot be done at parallactic angle, only the yellow supergiants have usable spectra shortwards of 4700Å . Figure 1 shows the NTT/EFOSC2 long-slit spectra of ten red supergiant candidates, selected from the 2MASS CMD, in the photographic IR. Given the complexity of late-type spectra and the impossibility of removing the effects of interstellar extinction, the spectra were simply re-scaled to unity at 7700Å. With the exception of 566, all the stars have spectral types close to M0. The main classification criteria in this range are the triple TiO bandhead from the γ system at 7055, 7088, 7126Å (which blends into an atmospheric water vapour band at 7186Å and be- b The supergiant is blended with a foreground star (774 in our photometry) in DENIS and 2MASS.
Red supergiants
c The value is an average of two measurements.
comes visible at K5; Turnshek et al. 1985) , the triple TiO bandhead of the δ system at 8432-42-52Å (noticeable from M1; see Negueruela et al. 2012 , for a discussion), and the bandhead system at 8250Å, which becomes observable at M0, but is blended into the weak atmospheric water-vapour system at 8227Å. Comparison to standards would suggest that 567 is the earliest object, with a spectral type between K5 and M0; 293, 479, 778, and 903 are not far from M0; 334, 339, 664, and 740 are close to M1; and 566 is the only object decidedly later than M2. Figure 2 shows the AAOmega higher resolution spectra for nine of the stars. Unfortunately, 567 could not be observed. Classification criteria in this region at similar resolution are discussed in Negueruela et al. (2012) . The ratio of the 8514Å feature to the neighbouring Ti i 8518Å (>> 1 in all cases) confirms that all these objects are supergiants. The best calibrated indicators are the equivalent width (EW) of the two strongest lines in the Ca ii triplet and the Ti i dominated blend at 8468Å. Based on them, almost all the objects are likely to have luminosity class Iab, with the exception of 740, which looks more luminous. Since the 8432-42-52Å feature is hardly noticeable (and not visible in all spectra), we can resort to the TiO δ(0,0) R-branch bandhead at 8860Å, where available. Based on this, 740 and 334 are M1; 293 is M0.5; and 339 and 479 are M0. Again 566 is clearly later with a spectral type close to M3. For all the other spectra, we cannot be more precise than a classification between K7 and M2. The only obvious discrepancy between the two datasets comes from 339, which appears earlier here than in the NTT spectra taken one year later. Even though spectral variability is not unusual in red supergiants (e.g. Levesque et al. 2007) , further monitoring of this object is needed before variability can be claimed. A summary of the spectral types derived is given in the upper panel of Table 2 .
The AAOmega spectra can also be used to measure radial velocities. The procedure used, based on cross-correlation with a grid of of model spectra from the POLLUX database (Palacios et al. 2010) , is described in Negueruela et al. (2012) . The radial velocities measured were transformed into the lo- . They have had all the telluric features removed. Since they are not subject to strong interstellar reddening, rescaling to unity at 7700Å conveys a very different appearance to that of the cluster stars.
cal standard of rest (LSR) reference system using IRAF rvcorrect package, using the standard solar motion (+20 km s −1 towards l = 56
• , b = 23 • ). The average of all measurements is v LSR = −99 km s −1 , with a standard deviation of 4 km s −1 . All observed values are within 2σ of the mean, a value perfectly consistent with the expected intrinsic variability of red supergiants . Two stars (293 and 740) were observed in 2010 and 2011, and they present differences of −5.6±2km s −1 and −6.5 ± 2 km s −1 . We looked for a possible systematic difference between the 2010 and 2011 observations, but it is not obvious. The 2010 data give v LSR = −97 ± 5 km s −1 for seven measurements, and the 2011 data give v LSR = −100 ± 2 km s −1 for six datapoints.
Though 778 looks completely normal in the spectra shown, its blue spectrum is dominated by another star, 774, which is blended with it in the photometry of Piatti & Clariá (2002) , and also in 2MASS. Figure 3 shows the blue spectrum of 774 compared to an early F-type giant. Given the very low reddening, it is clear that 774 is a foreground F0-2 IV star and not a cluster member.
Yellow supergiants
The AAOmega spectra of two yellow supergiants in VdBH 222 are shown in Fig. 4 , compared to the spectrum of the G0 Ia MK standard HD 13891 from the atlas by Andrillat et al. (1995) . In this temperature range, the intensity of the Paschen lines declines strongly with spectral type, but also with increasing luminosity class. Star 505 has Paschen lines slightly weaker than HD 13891, but a stronger metallic spectrum. This indicates a later spectral type, in the G1-2 Ia range. Star 371, on the other hand, presents stronger Paschen lines than the standard, but also a much stronger metallic spectrum. This combination only makes sense if it is a more luminous star. Indeed the EW of the Ca ii triplet in 371 is rather higher than in any of the other two (> 35Å). We conclude that it is a G0 Ia + extreme supergiant, similar to the very luminous F-type stars found in the starburst cluster Westerlund 1 (Clark et al. 2010) .
The low-resolution spectra of the two stars are displayed in Fig. 5 . The spectra are a combination of the grism #3 and grism #16 NTT/EFOSC2 spectra. As a comparison, the low-resolution spectrum of the G3 Ib supergiant HD 191010 from the atlas by Jacoby et al. (1984) is shown. No supergiants of higher luminosity and similar spectral type are included in the atlas. If the ratio of the G-band to Hγ is taken as an indicator of the spectral type, HD 191010 is clearly later than the two cluster stars.
The stronger metallic spectrum demonstrate the higher luminosity. Hβ is much stronger in the cluster stars, suggesting an strong contribution from the diffuse interstellar band (DIB) at 4885Å. Other prominent DIBs are also indicated in Fig. 5 .
The spectral types derived and radial velocities measured for the two yellow supergiants are shown in the bottom panel of Table 2.
Brightest blue stars
Unfortunately, the spectra of stars just above the cluster mainsequence are quite noisy. The atmospheric window around 8500Å, which is useful for spectral classification, cannot be used because of heavy fringing. The spectra shown in Fig. 6 are domi- nated by interstellar and atmospheric features. A few objects (for example, 589 or 442) seem to display the strong narrow Paschen lines typical of high-luminosity B-type stars, but they are difficult to separate from fringing. Hα is present in all the spectra, but always affected by sky subtraction issues. All the spectra clearly display the He i 6678 and 7065Å lines. The interstellar Na i doublet is blended in a single feature, together with the He i 5875Å line. The prominent DIBs at 5780 and 5797Å are also blended into a single feature in the spectra where that region is covered Jacoby et al. (1984) . The Na i doublet in the cluster stars includes an important interstellar component. Other prominent interstellar features are marked with "*". The spectrum of 505 presents a strong reduction artefact around 7100Å.
by grism #3. The DIB at 6284Å is also clearly seen in most spectra. Hβ appears as a strong feature in all spectra, but it must be blended with the strong DIB at 4885Å. The spectra with higher S/N in the blue show the He i 4922Å line partially blended into this feature. The He i 5016Å line is affected by a strong reduction artefact in most spectra, but may be seen in 442 and 589.
The detactability of many He i lines at this low resolution indicates that all the stars are B-type objects, either supergiants or early-B (<B5) main-sequence or giant stars. If the Paschen lines in 442 and 589 are true, they support the supergiant classification. As Hα is in absorption in all the spectra, they are unlikely to be high-luminosity (class Ia) supergiants, but rather objects of luminosity class Ib or II (cf. Negueruela et al. 2010b ). The second step is to find the main sequence of early-type stars that correspond to the brightest blue stars that are spectroscopically observed. For this purpose, we used the near-IR photometry. We calculated the IR reddening-free parameter Q=(J − H) − 1.8(H − K S ), and we selected stars with a value of Q≤0.08. This cut is expected to only select early-type stars. From the selection, we chose those objects whose (J − K S ) values are compatible with those of members spectroscopically observed (0.5≤(J − K S )≤1.5; see Figure 10 ). These colour cuts leave us with an initial list of likely members of the cluster, all of which have measurements in both optical and near-IR bands. To be as exhaustive as possible, we did not reject stars lacking near-IR photometry, but having the complete set of U BVR magnitudes, since reliable astrophysical information can be obtained from their optical colours. These stars were included in the optical analysis. We obtain the parameters of the cluster, analysing the two diagrams:
Determination of the R 5495 value and a preliminary E(B − V)
We used the latest version of the software package CHORI-ZOS (Maíz Apellániz 2004) to process the U BV JHK S photometry for the nine brightest OB star candidates. We used the stellar grid presented by Maíz Apellániz (2013) fixing the luminosity class to either 5.0 (main sequence) or 1.0 (supergiants), setting distance as a dummy parameter (i.e. using colours rather than magnitudes as input), and leaving three free parameters: effective temperature (T eff ), amount of monochromatic colour excess (E(4405 − 5495)), and type of extinction A&A proofs: manuscript no. v222_v6_final_sin_tablas_astroph In those cases where the photometric uncertainties were smaller than 0.04 magnitudes, they were set to that value for the CHORIZOS analysis. There are three reasons to take this step:
1. Zero-point calibration. As shown by Maíz Apellániz (2005, 2006, 2007) , there are systematic uncertainties of the order of 0.02-0.03 magnitudes in the comparison between Johnson U BV magnitudes and spectrophotometry (either observed or theoretical) due to calibration issues. 2. Highly reddened objects. The above uncertainties become even greater in the case of objects with anomalous colours caused by high extinction. In those cases, red leaks in the filters can produce undesired offsets in the measured magnitudes. 3. The accuracy of the extinction law outside the range of values for which it was calculated (see Maíz Apellániz et al.
2014, for details). The inaccuracy affects not only the optical range but, for extinctions with A V 6, can also affect near-IR photometry. Both Cardelli et al. (1989) and Maíz Apellániz et al. (2014) use the Rieke & Lebofsky (1985) law in the near-IR, so systematic effects may appear when the slope adopts different values there and the extinction is high enough.
Increasing the photometric uncertainties provides a way of reducing the systematic effects and providing accurate results at the cost of making them too conservative.
Results are shown in Table 3 for the reduced χ 2 of each best fit, the three fitted parameters, and three additional derived quantities (E(B − V), A V , and (m V − A V )). The main conclusions that can be derived follow:
1. The results using main-sequence or supergiant models are very similar. This is expected, given that gravity induces only small changes in the optical/near-IR colours for late-O/early-B stars (with the only exception of supergiants with extreme mass loss). For this reason, only one set of results is shown. 2. The values of χ 2 red are reasonable for seven of the nine stars, indicating that those are "good fits". For the other two stars, 705 and 520, the values of χ 2 red are too high. We have checked that this is not due to a large IR excess in the K band. Inspection of the images suggests that the near-IR magnitudes for 520 are contaminated by another star. This does not seem to be the case for 705. 3. As expected when using such large uncertainties, precise values of T eff cannot be obtained. All we can say from the CHORIZOS results is that the stars are either of spectral type O or early B. Star 627 appears to be cooler than the rest. 4. R 5495 is close to 2.8 for eight stars, the only exception being star 601, which has a higher value that is closer to the standard. 5. The monochromatic colour excesses show only small variations around 2.70. The band-integrated values are lower by ∼0.1 magnitudes, as expected for this amount and this type of extinction. 6. The values of A V cluster around 7.5 magnitudes. The largest deviation corresponds to star 601, the object with the largest R 5495 . 7. As usual in this type of analysis, E(4405 − 5495) and R 5495 are anticorrelated. Therefore, A V shows relatively small uncertainties compared to either one of them. Other correlations between quantities lower the uncertainty in (m V − A V ) with respect to that of A V .
Determination of reddening and photometrical spectral types
Alternatively, the colour excess E(B − V) for cluster members may be derived from the photometry, using standard calibrations. This procedure is only accurate when the values of (U − B) are known. Therefore we restricted our initial analysis to stars with U magnitudes. The Q parameter is a measure of the colour of an O or B star, corrected for the effect of interstellar reddening (Johnson & Morgan 1953) . The Q parameter is defined as
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A. Marco et al.: The starburst cluster VdBH 222 a Inspection of the IR images suggests that the star is blended with another object so its JHK S magnitudes are suspect.
Observations and analyses have shown that there is a change in the slope of the reddening line as a function of spectral type (Johnson 1958) . The expression for this change is
where X depends weakly on spectral type (or, correspondingly, intrinsic colour). VdBH 222 has a large population of early M-type red supergiants (Section 3.1), indicating that its age must be between 10 Ma and 25 Ma (Mermilliod 1981) . In this age range, blue members around the main-sequence turn-off are expected to have spectral types around B1-B2. For these spectral types, the value of X in Eq. 2 is 0.69 and the intrinsic colour of stars around the turn-off is then (B − V) 0 ≈ −0.2 (FitzGerald 1970). We can use this hypothesis to give a first estimate of E(B − V), using the (B−V) colour of stars in the upper main sequence. The estimated value of E(B − V) is ≈ 2.5. This value is fully compatible with the result obtained by CHORIZOS for the nine brightest likely members of the cluster. In Table 3 we can see that the median value for E(B − V) is 2.56 (excluding 520) and therefore,
We then calculated the Q parameter for all likely cluster members with (U − B) values. Using Q, we assigned photometric spectral types (Johnson & Morgan 1953) to all these stars. From the spectral types, we calculated individual values of the colour excess E(B − V), using the intrinsic colours from Johnson (1958) and
In Table 4 we display the values of Q, photometric spectral types, (B − V) 0 , and E(B − V) for likely members with (U − B) colours. The brightest blue stars in the cluster have V magnitudes comparable of those of M supergiants. These objects must therefore be supergiants so the calibration for main-sequence stars cannot be used (Johnson 1958) . We made a rough division of the blue stars and used calibrations for supergiants for objects brighter than V = 17, calibrations for giants for objects with 17 ≤ V ≤ 18.5, and assumed that fainter objects are on the main sequence.
We obtained an average value of E(B−V) = 2.45±0.15 using only those stars believed to be on the main sequence. Inclusion of the stars taken as giants or blue supergiants does not change this average. We therefore take this as the average colour excess for the cluster. Consequently, all the stars in the cluster blue sequence for which we lack U magnitudes have been dereddened with this average value. In Table 5 we show the value of (B − V) 0 for these stars.
There is a small difference between this value and the one obtained in the CHORIZOS analysis (2.56 ± 0.09 when star 520 is excluded). We note the high amount the differential reddening and the fact that the CHORIZOS value is based on only eight stars, but direct comparison of the values obtained with the two methods for the eight stars in Table 3 shows that the difference is likely to be systematic, even though the two values are compatible within their respective errors. The reasons for this difference are connected to those listed in Sect. 3.2.2 and likely stem from the fact that the standard relations of Johnson & Morgan (1953) are derived for stars that are much less reddened than cluster members.
We then estimated the extinction to each star using its individual colour excess when available or the cluster average, and the total-to-selective extinction ratio derived in Section 3.2.2. The average R 5495 is 2.83 for all stars except star 601. If we use A V = R V · E(B − V), this corresponds to an average R V = 2.90. We calculated intrinsic magnitudes as
In Tables 4 and 5 we display the value of V 0 for all likely members of the cluster. In Figure 14 we display the spatial distribution of likely members. The values of (B − V) 0 and V 0 are used to build the M V /(B − V) 0 diagram and to determine the distance and age of the cluster. In Table 4 , we can see that our rough division of the stars into main sequence, giants, and supergiants may not have always been accurate. At least two stars classified as giants (627 and 705) have intrinsic magnitudes as bright as the stars classified as supergiants. This is due to differential reddening, but has little effect on the intrinsic parameters derived, since the intrinsic colours of B-type giants and supergiants at a given spectral type differ by a few hundredths of a magnitude at most.
The red supergiants have been dereddened following the procedure of Fernie (1963) , which transforms the observed E(B−V) to an equivalent E(B−V) for early type stars to account for colour effects. Star 566 has not been included in the M V /(B − V) 0 diagram because its (U − B) colour is very different from those of A&A proofs: manuscript no. v222_v6_final_sin_tablas_astroph the other supergiants, suggesting that its magnitudes are contaminated by a blue star.
Since we also have near-IR photometry for most likely cluster members, we may also employ the M K S /(J − K S ) 0 diagram to help us determine the distance and age of the cluster. For this purpose, we began by using those likely members with photometric spectral types and near-IR photometry values that can be used to calculate their individual colour excesses E(J − K S ). Using the intrinsic colours of Winkler (1997) , we could calculate E(J − K S ) for each star (49 stars in total). The average of E(J − K S ) is 1.07 ± 0.14. This value, however, gives rise to two difficulties:
1. For a standard reddening law, E(J − K S ) can be converted to E(B−V) using a calibration relation from Fiorucci & Munari (2003) . For hot stars, the relation is approximately (estimated for T eff = 17800K):
476· E(B−V)+0.007·E(B−V)· E(B−V)
. (6) When we replace our value E(B − V) = 2.45 ± 0.15 in Eq. 6, we obtain E(J − K S ) ∼ 1.20, which is somewhat higher (0.13 mag) than the value obtained from the individual excesses. The E(B − V) = 2.56 obtained from the CHORIZOS analysis would imply an even higher E(J − K S ) for the standard law. This may again be related to a non-standard extinction law. 2. However, a direct comparison of the intrinsic colours of Winkler (1997) with the Marigo et al. (2008) isochrones shows that the models predict (J − K S ) 0 values ≈ −0.06 bluer than the empirical calibration. This discrepancy might be due to the use of K-band magnitudes by Winkler (1997) instead of the K S employed by Marigo et al. (2008) , but we note that other widely used empirical calibrations of IR colours show the same effect, with the calibration of Wegner (1994) resulting in an even greater discrepancy.
In view of this, we were forced to choose a colour excess that fits the isochrone rather than using the intrinsic colours. The value required to fit the isochrone is E(J − K S ) = 1.16.
Once more, we find small, but not negligible, discrepancies that reflect inconsistencies between the different calibrations of intrinsic colours and uncertainties in the shape of the extinction law that become important when we study clusters with high reddening. As discussed later, find evidence of an IR extinction law in this direction that is slightly more transparent than the standard Rieke & Lebofsky (1985) law. In spite of this, we built the M K S /(J − K S ) 0 diagram using the standard A K S = 0.67E(J − K S ), since we can expect deviations from the standard law to be small at these moderate values of E(J − K S ).
Determination of distance and age
Finally, we used the intrinsic colours in optical and near-IR bands to build the M V /(B − V) 0 and M K S /(J − K S ) 0 diagrams and to determine the distance and age to the cluster by eye-fitting isochrones. In Figures 11 and 12 we plot the M V /(B − V) 0 diagram for the selected likely members of the cluster, calculating A V as R · E(B − V) with values of 3.1 and 2.9 for R V , respectively. In Fig. 11 , we plot two isochrones from Marigo et al. (2008) corresponding to log t = 7.20, unreddened and displaced to DM = 13.8 (d = 5.8 kpc), and log t = 7.08, unreddened and displaced to DM = 14.5 (d = 7.9 kpc). In Fig. 12 the Fig. 11 . M V /(B − V) 0 diagram for selected likely members. Red squares represent red and yellow supergiants spectroscopically observed in the field. The solid line is the isochrone of Marigo et al. (2008) corresponding to log t = 7.20, unreddened and displaced to DM = 13.8. The dashed line is the isochrone of Marigo et al. (2008) corresponding to log t = 7.08, unreddened and displaced to DM = 14.5. The value used for R is the standard value of 3.1.
same two isochrones must be shifted to different distances, because of the lower A V . The log t = 7.20 isochrone is displaced to DM = 14.3 (d = 7.2 kpc), and the log t = 7.08 isochrone is displaced to DM = 15.0 (d = 10.0 kpc). We can observe that the two isochrones fit well both the main sequence and the position of the red supergiants, because there is a small degeneracy between distance, age, and reddening that can be broken with the near-IR data; however, older or younger isochrones fail to fit the turn-off and the position of the red supergiants at the same time. The figures clearly illustrate the enormous impact of the value of R chosen on the distance determined at such high values of E(B − V).
In Figure 13 , we display the M K S /(J − K S ) 0 diagram. In this figure, we plot two isochrones from Marigo et al. (2008) that correspond to log t = 7.20, unreddened and displaced to DM = 14.3 (d = 7.2 kpc), and log t = 7.08, unreddened and displaced to DM = 14.9 (d = 9.5 kpc). If we consider that the typical uncertainty in the by-eye fit is ±0.2 mag in DM, we see that the values obtained from the optical and IR HR diagrams using R V = 3.1 are not consistent. On the other hand, when we use R V = 2.9, the isochrones fit the data at the same distance for both datasets. Therefore, we have a range of possible solutions going from a 16 Ma cluster at ≈ 7 kpc to a 12 Ma cluster at ≈ 10 kpc.
Theoretical HR diagram for red supergiants
In obscured clusters, the distance is the most uncertain parameter and must be estimated from the radial velocity (e.g. Davies et al. 2007) or the run of extinction (e.g. Negueruela et al. 2011) . In many cases, cluster parameters have been derived exclusively from the RSG population (e.g. Davies et al. 2007; Clark et al. 2009b; Negueruela et al. 2010b) . We can repeat this procedure here as a further check for consistency.
In Table 6 , we present the 2MASS photometry for eleven red and yellow SGs in VdBH 222. The errors in determining of some magnitudes are high because of saturation problems, but we found no other broad-band near-IR photometry for these stars in the literature. The K S magnitude for 778 is not available, so it has been excluded from the analysis. We derived the excesses in (J − K S ) for each star, taking the average intrinsic colours for each spectral type from and Koornneef (1983) . Assuming standard reddening, A K S = 0.67E(J − K S ), we calculated K S for each object. Then, we calculated M K S for each RSG, using a distance modulus for the cluster DM = 15.0, which is typical of the values found of the analysis of U BV JHK S photometry.
Finally, we used the following expressions taken from Levesque et al. (2005) to calculate the intrinsic stellar parameters for the theoretical H-R diagram:
The determined parameters are also listed in Table 6 . Recently, Davies et al. (2013) have cast doubt on these temperature scale and bolometric corrections, after analysing the spectral energy distributions of a sample of RSGs in the Magellanic Clouds and finding that effective temperatures show little dependence on spectral type. They derive an empirical method to calculate bolometric luminosities from single-band photometry. We used the M K S calculated above to estimate luminosities according to their method. We find values ∼ 0.1 dex higher than using Eq. 9 (but entirely compatible within errors) for all stars.
In Figure 15 , we display the theoretical Hertzsprung-Russell (HR) diagram showing the positions of the eleven supergiants compared to different isochrones from Ekström et al. (2012) . The positions of the RSGs are consistent with the high initial rotation isochrone for 18 − 19 Ma and an age ≈ 13 Ma for low rotation. Therefore the isochrones without rotation agree fairly well with the Padova isochrones. However, the highrotation isochrones require a much older age. In addition, we note that this age is not directly comparable to those obtained in previous works (e.g. Davies et al. 2007; Clark et al. 2009b; Marco & Negueruela 2013 ) that use the isochrones of Table 6 . Photometric data for red supergiants in VdBH 222 from 2MASS and our photometry. Levesque et al. (2005) .
2 Using the calibration of Davies et al. (2013) , which is not valid for yellow supergiants.
3 567 is the only star for which JHK S is from our photometry. All the other stars have at least one filter saturated, and their magnitudes are from 2MASS. Marigo et al. (2008) corresponding to log t = 7.20, unreddened and displaced to DM = 14.3. The dashed line is the isochrone of Marigo et al. (2008) corresponding to log t = 7.08, unreddened and displaced to DM = 15.0. The value used for R V is 2.9.
ing the RSG phase have a very strong impact on their location in the theoretical HR diagram (Georgy 2012) , to the point that they can loop back bluewards and become yellow hypergiants for the highest mass-loss rates, we have to conclude that an absolute age derivation is too dependent on the isochrones used. We therefore stick to the nominal values obtained from the nonrotating isochrones.
Two stars have unexpected positions in this diagram. Star 567 appears much fainter than all the other stars. This is the only RSG for which we lack intermediate-resolution spectra, hence a measurement of its radial velocity. Its membership must thus remain suspect until a measurement of radial velocity can be obtained. The other outlier is the yellow supergiant 371, which appears much brighter than the other yellow supergiant, 505, in accordance with its extreme spectroscopic appearance. Marigo et al. (2008) corresponding to log t = 7.20, unreddened and displaced to DM = 14.3. The dashed line is the isochrone of Marigo et al. (2008) corresponding to log t = 7.08, unreddened and displaced to DM = 14.9.
Discussion
We have found a large population of yellow and red supergiants in the open cluster VdBH 222. Comparable clusters found towards the base of the Scutum arm have estimated ages in the range 12 -20 Ma, though these values are mostly based on rough determinations of their kinematic distances (e.g. Davies et al. 2007 Davies et al. , 2008 . The possibility of observing blue stars in VdBH 222 in the U BV bands offers an excellent opportunity to provide much more accurate parameters for this cluster, though we still face the difficulty of the unknown shape of the extinction law in a cluster with A V approaching 8 mag (noting that the same uncertainties afflict analysis of the clusters at the base of the Scutum arm, and other highly reddened clusters). Without a good knowledge of the extinction law, the cluster age and cluster distance cannot be determined with accuracy, because the number of free parameters is so high that the problem becomes 3000 4000 5000 6000 7000 8000 T eff We also plot isochrones from Ekström et al. (2012) . The dotted lines are the log t = 7.20 (16 Ma; top, cyan), and log t = 7.30 (20 Ma; bottom, pink) isochrones with high initial rotation. The solid lines are the log t = 7.08 (12 Ma; top, red), and log t = 7.20 (16 Ma; bottom, green) isochrones without rotation. The size of the symbols represents the errors in log L * that are due to observational uncertainties and calibration problems. The errors in T eff , though difficult to quantify, should be smaller than the symbol size.
degenerate. The analysis of the brightest stars with CHORIZOS strongly suggests a non-standard extinction law, with a value for R V = 2.9. When this value is used, the optical and IR data give consistent solutions. The isochrone fits allow a range of ages between 12 and 16 Ma (according to the isochrones of Marigo et al. (2008) ). This range of ages corresponds to a range of distances between 7 and 10 kpc. We can make use of our knowledge of Galactic structure to choose the more likely solution. 
Cluster parameters
At a distance of 7 kpc (compatible with an age of 16 Ma), adopting a distance from the Sun to the Galactic Centre of 8.3 kpc (e.g. Reid et al. 2014) , VdBH 222 would be at a galactocentric distance R G = 1.9 kpc. This seems very unlikely to be physically possible, since it would place the cluster too close to the Galactic Centre, in the region where the Galactic bar potential would prevent the formation of any stable structure.
The cluster radial velocity has been measured to be v LSR = −99 ± 4 km s −1 . Figure 16 shows the distribution in radial velocity along the line of sight to VdBH 222, using the Galactic rotation curve of Brand & Blitz (1993) , recalibrated after Hou et al. (2009) and Reid et al. (2009) . As can be seen, two values are compatible with the observed velocity. The short distance is ≈ 6 kpc, while the long distance depends on the rotation curve adopted, with acceptable values between ≈ 9.5 and 10.5 kpc.
A distance of 6 kpc (DM = 13.9) is marginally consistent with the photometric data. The fit to the isochrones, which is worse than for the favoured age range 12-16 Ma, requires an age ≈ 18 Ma. At this distance, VdBH 222 would be at a galactocentric distance R G = 2.7 kpc. This would place the cluster within or beyond the 3 kpc arm (Green et al. 2009; Sanna et al. 2014) , which has a similar radial velocity. However, the maps of neutral H i by Burton & Liszt (1983) seem to show that the 3 kpc arm lies above the Galactic Plane for l < 352
• . Moreover, extinction maps by show that extinction does not increase along this line of sight beyond d = 4 kpc (the position of the Norma arm), suggesting that the 3 kpc arm is very tenuous and unlikely to be associated with vigorous star formation. Moreover, the extinction maps show a very low value of extinction out of 13 kpc in the box centred on l = 349 • .5, ), corresponding to a hole in dark clouds that is perfectly visible in 2MASS widefield images. In addition, find evidence of a more transparent extinction in the near IR, with a slope closer to that of Nishiyama et al. (2008) than to the standard Rieke & Lebofsky (1985) law. No other spiral arm can be found at this distance, so this value of the distance is not favoured by Galactic structure. A shorter distance, placing the star in the Norma arm, can be safely ruled out. On the one hand, the expected radial velocity would be much lower, around v LSR = −40 km s −1 . On the other hand, this would require the cluster to be somewhat older than 20 Ma, in disagreement with the presence of a large population of M-type supergiants.
The other distance permitted by the rotation curve is ≈ 10 kpc, which is compatible with the photometric analysis for a cluster age of ≈ 12 Ma. At this distance, VdBH 222 would also be placed at R G ≈ 2.4 kpc, but this time on the far side of the Galaxy. According to , this position should be fairly close to the far tip of the Galactic bar. Of course, we can always suspect that the proximity of the Galactic bar could produce strong deviations from the Galactic rotation curve, as demonstrated by objects close to the near end of the bar . On the other hand, the requirement to keep the cluster on this side of the bar prevents a much greater distance anyway. find a very strong increase in extinction at a distance ∼ 13 kpc, forcing VdBH 222 to be closer than this distance. Given the uncertainties involved in the isochrone fits and the exact shape of the extinction law, an error in our distance modulus determination of ±0.3 is perfectly acceptable. This narrow range in distance modulus covers distances between 8.7 and 11.5 kpc. The need to keep the cluster outside the 3 kpc ring and on the near side of the bar favours a A&A proofs: manuscript no. v222_v6_final_sin_tablas_astroph distance between 10 and 11 kpc, depending on the exact location of the tip of the bar. In this most likely scenario, VdBH 222 would be located close to the base of the Perseus arm and would represent the analogue of the Scutum Complex clusters. As will be demonstrated in a future work, VdBH 222 is surrounded by a large number of red supergiants with similar radial velocities, supporting its connection with a major star-forming region. Critically, an accurate determination of the spectral types of the blue stars close to the main-sequence turn-off would allow us to fix the extinction law and the exact age and distance at the same time.
Previous work
Using only V and I-band photometry and assuming a standard reddening law, Piatti & Clariá (2002) estimated an age of 60 ± 30 Ma and a distance 6 ± 3 kpc. These values are roughly consistent with our analysis for a standard extinction law, since the optical data alone can be fit with a cluster age 18 Ma at a distance of 6 kpc. A direct comparison to their photometry is not possible, because we lack the I band. However, taking into account that E(V − I) = 1.6 · E(B − V) for the extinction law of Rieke & Lebofsky (1985) , their E(V − I) = 2.4 seems too low when compared to our E(B−V) = 2.45, even if the extinction law is more transparent than the standard. In the even more heavily reddened open cluster Westerlund 1, the relationship was found to be E(V − I) ≈ 1.3 · E(B − V) (Negueruela et al. 2010a ).
Stellar content
We have identified ten red supergiant and two yellow supergiant members of VdBH 222, as well as around ten OB members that seem bright enough to be blue supergiants. Such a huge population of evolved stars is unprecedented in optically accessible Milky Way clusters. For instance, the open cluster NGC 7419, with a mass > ∼ 5 000 M ⊙ , contains only five red and two blue supergiants (Marco & Negueruela 2013) . The evolved population of VdBH 222 is comparable to that of the core region of the Per OB1 association, containing the open clusters NGC 869 and NGC 884 (h and χ Persei), estimated to have a mass of at least 20 000 M ⊙ at an age ∼ 14 Ma (Currie et al. 2010) . Indeed, simulations of stellar populations by Clark et al. (2009a) suggest that a cluster of 10 -12 Ma must have a mass in excess of 30 000 M ⊙ to sport 12 cool supergiants. Our optical photometry, which is certainly incomplete, includes ≈ 135 blue stars with dereddened magnitudes in the range 9 < V 0 < 14, all likely to be B5 or earlier. This number results in a lower limit for the cluster mass ∼ 10 000M ⊙ for an age around 12 Ma. VdBH 222 is thus likely to be comparable in age and mass to RSGC1 (Davies et al. 2008) , one of the massive clusters found close to the base of the Scutum arm.
Two other clusters found towards the Scutum arm contain a higher number of RSGs, Stephenson 2 (Davies et al. 2007; Negueruela et al. 2012 ) and RSGC3 (Clark et al. 2009b ). Both are much more obscured than VdBH 222, making them invisible in the U and B bands, and both are thought to be somewhat older. In spite of the higher number of RSGs, none of the two clusters hosts any yellow supergiant, comparable to the two G-type objects found in VdBH 222. Indeed, this kind of luminous G-type supergiant is very rare in young clusters and only seen in clusters younger than ∼ 12 Ma (Clark et al. 2013) , lending support to our final conclusion about the age of the cluster.
The position of star 371 with respect to all the other stars is peculiar. It is the brightest cluster member in all diagrams and looks too bright for the cluster isochrone in Fig. 15 , even though its radial velocity confirms it as a cluster member. Its spectrum in the region of the Ca ii triplet is extreme, looking much more luminous than the G0 Ia standard HD 18391. However, its actual bolometric magnitude is far from extreme. As calculated in Section 3.2.5 for DM = 15.0, it is M bol ≈ −7.6. This is far from the luminosities of the yellow hypergiants thought to be post-RSGs, such as HR 8752 or ρ Cas, and even less than the estimate for the moderately luminous object IRAS 1835−06 (Clark et al. 2014) . Moreover, the very strong absorption spectrum contrasts with the emission-line dominated appearance of the latter. Therefore we speculate that star 371 is more likely to be the descendant of a blue straggler caught in a short evolutionary phase rather than a post-RSG star. Monitoring of this peculiar object to search for variability would undoubtedly cast light on its nature, as highlighted by the recent detection of a binary companion to the yellow hypergiant HR 5171 (Chesneau et al. 2014 ).
Conclusions
We have identified a large population of evolved massive stars in the open cluster VdBH 222, comprising blue, yellow, and red supergiants. The radial velocities of eleven members have been measured, giving a cluster average v LSR = −99 ± 4 km s −1 . With this radial velocity, VdBH 222 must be a very distant cluster. The near kinematic distance of ≈ 6 kpc is inconsistent with the Galactic structure, since it would place the cluster on the 3 kpc arm in a location where no absorption that could indicate the presence of star formation is found. Therefore we favour the far kinematic distance of ≈ 10 kpc that places the cluster close to the far end of the Galactic bar. Photometric analysis indicates heavy differential reddening with A V values in the ≈ 7-8 mag range. Lacking accurate spectral types for the blue stars, a fit to the observed magnitudes with the CHORIZOS code cannot constrain the values of R and E(B − V) very strongly, but suggests a value for R V = 2.9. The optical and near-IR photometric analysis are consistent with a cluster age ≈ 12 Ma at a distance of ≈ 10.0 kpc.
The cluster is extremely compact with very few members lying outside a radius of 1 ′ .5 from the cluster centre (see Figure 14) . The observed population of red and yellow supergiants (9+2 confirmed members with one further candidate RSG) indicates that VdBH 222 is a young massive cluster. This is confirmed by the presence of about ten blue stars with V magnitudes comparable to those of the RSGs, which must be blue supergiants. VdBH 222 is thus almost certainly the most massive cluster observable in the U and B bands in the Milky Way. As such, it represents an ideal laboratory for studying the extinction law in the inner Milky Way and the evolution of high mass stars towards the RSG stage.
The location of VdBH 222 close to the far end of the Galactic bar adds to the evidence for vigorous star formation close to its tip, analogous to the near end. In this respect, we must stress that VdBH 222 is much closer to the Galactic Centre (and so to the nominal tip of the bar) than other massive clusters recently reported in the area (Davies et al. 2012; Ramírez Alegría et al. 2014) . In a future work, we will report on an exploration of the area surrounding VdBH 222 to locate evidence of coeval star formation.
